Background: Current guidelines recommend cholecystectomy for patients with mild acute biliary pancreatitis (MABP) during the index admission because it is associated with better outcomes. In this study, we aimed to assess national trends in cholecystectomy during index admissions for MABP and to identify factors associated with cholecystectomy completion and 30-day readmission. Methods: Using diagnostic codes and the National Readmissions Database, we identified patients admitted with MABP between 2010 and 2014. Differences in cholecystectomy rates were computed on the basis of various characteristics. We conducted a multivariable analysis to identify factors associated with 30-day readmission and cholecystectomy during the same admission. Results: We identified 255,695 unique index MABP cases (41.3% male) and the 30-day readmission rate was 12.6%. Overall, 43.8% underwent cholecystectomy and 25% underwent endoscopic retrograde cholangiopancreatography (ERCP) with sphincterotomy. We observed a decreasing trend in both procedures during the study period (P < 0.001). In multivariate analysis, odds of 30-day readmission were reduced for patients undergoing ERCP with sphincterotomy (odds ratio, 0.78; 95% confidence interval, 0.74-0.84) or cholecystectomy (odds ratio, 0.37; 95% confidence interval, 0.35-0.39). Conclusions: For patients with MABP, cholecystectomy or ERCP with sphincterotomy during the index admission decreased the risk of 30-day readmission. Despite this benefit and national guidelines recommending cholecystectomy during the index MABP admission, the rate of cholecystectomies performed nationally decreased during the study period. Further research is needed to understand the implications and reasons underlying this deviation from guidelines.
Introduction
Gallstones are the most frequent cause of acute pancreatitis (AP) worldwide [1] and up to 8% of those with symptomatic cholelithiasis will have AP. Although most patients with acute biliary pancreatitis (ABP) have mild disease, 20% have severe disease and up to 5% of patients die of ABP [2] . The first-line treatment of ABP is cholecystectomy and the timing of surgery depends on the severity of the ABP. Current guidelines recommend cholecystectomy during the index admission for patients with mild ABP (MABP) [3] and evidence supports the safety of early cholecystectomy in these patients [4] .
Multiple studies have reported a lack of adherence to these guidelines [5, 6] . In the USA, the degree of adherence has not been reported in recent years and the impact of cholecystectomy on 30-day readmission rates remains unclear. In this study, we aimed to assess national trends in cholecystectomy completion rates during index admissions for MABP and to identify predictors of 30-day readmission and cholecystectomy in this cohort.
Materials and methods

Study design and data source
We conducted a retrospective longitudinal study of admissions to US acute-care hospitals for AP. Data on hospital admissions of all adult patients (age !18 years) between 2010 and 2014 were extracted from the National Readmissions Database (NRD). NRD is an inpatient database with several key features-it 'provides sufficient data for analysis across hospital types and the study of readmissions for relatively uncommon disorders and procedures, [contains] discharge data from 27 geographically dispersed states, accounting for 57.8% of the total US resident population and 56.6% of all US hospitalizations, is designed to support national readmission analyses, and cannot be used for regional, state-, or hospital-specific analyses'. This database tracks patient readmission to same or any other hospital in the USA for every calendar year (1 January through 31 December) but does not link patient data across the preceding or subsequent years. We therefore excluded index admissions that occurred in December from our analysis because readmissions for those cases could not be tracked. The dataset provides de-identified information regarding each admission, including demographics, comorbidities, discharge diagnoses, procedures performed, outcomes, and costs of stay. These databases exclude observation admissions, rehabilitation hospitals, and chemical-dependency units. This study was exempted from IRB review, as no identifiable patient data were included in the database.
Study population
We used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes to identify all hospitalized adults (age !18 years) with a primary diagnosis of AP (ICD-9-CM code 577.0), a secondary diagnosis of cholelithiasis or choledocholithiasis, and survived to hospital discharge. All diagnostic and procedural codes used for classifications are shown in Supplementary Table 1 . AP-related admissions were identified by querying for all diagnostic ICD-9-CM codes corresponding to AP. We excluded patients with acute kidney injury, intensive-care-unit admission, hypotension, shock, and acute hypoxic respiratory failure.
Definitions of variables, comorbidities, and other covariates
The NRD collects demographic information, including age, sex, income, and primary and secondary insurance for all admitted patients. It also contains hospital information (e.g. bed size, location, and teaching status). The Charlson Comorbidity Index (CCI) was calculated and used for comorbidity assessment. To limit our data capture only to patients with MABP (as defined by the revised Atlanta criteria [7] ), we restricted our analyses to AP cases that were not associated with organ failure; thus, we evaluated only those cases that did not have acute kidney injury, hypoxia, acute respiratory failure, shock, or death during the index hospitalization. These surrogates were chosen to circumvent the lack of ICD-9 codes for pancreatitis severity in the database. We have provided the definition of hospital size in Supplementary Table 2 .
Outcomes
The primary outcomes of this study were to assess the trend in rates of cholecystectomy and endoscopic retrograde cholangiopancreatography (ERCP) with sphincterotomy in patients admitted with MABP to US hospitals. We performed a multivariate regression analysis to (i) identify predictors of index cholecystectomy in patients with MABP and (ii) identify predictors of allcause 30-day readmission in these patients.
Statistical analysis
The statistical analysis described below was published previously [8] and is reused here under Creative Commons license. Data are presented as mean 6 standard deviation (SD) for continuous variables or weighted frequency (%) for categorical variables. A univariate analysis was performed to assess differences between the two groups (no cholecystectomy during index admission vs performance of the procedure during index admission); continuous variables were compared by using t-tests and categorical variables were compared by using v 2 tests. In addition, multivariable analysis was used to assess differences between the groups in terms of the outcomes of interest while adjusting for patient and hospital characteristics. Survey logistic-regression analysis was used to model 30-day readmission risk and cholecystectomy. We used the Cochran-Armitage test to assess trends in cholecystectomy. The NRD is based on a complex sampling design that includes stratification, clustering, and weighting; SAS Survey procedures facilitate the unbiased assessment of population estimates. P-values <0.001 were considered statistically significant because of the large sample size; this significance criterion has been used by previous National Inpatient Sample studies. All analyses were performed with SAS (version 9.4; SAS Institute Inc., Cary, NC).
Results
Baseline patient characteristics
We identified 255,695 index MABP discharges during the study period. Baseline characteristics of these patients, stratified by readmission and cholecystectomy status, are listed in Table 1 . Figure 1A and B shows decreasing trends in cholecystectomy and ERCP with sphincterotomy during this period (P < 0.001). Overall, 45.4% of patients underwent cholecystectomy and 20.6% underwent ERCP with sphincterotomy in 2010; in 2014, 42.0% and 18.6% underwent cholecystectomy and ERCP with sphincterotomy, respectively. Figure 1C shows differences in cholecystectomy rates for patients who did vs did not undergo ERCP with sphincterotomy. Figure 1D shows differences in 30-day readmission rates for patients who did vs did not undergo cholecystectomy during the index admission. Table 2 lists the most common reasons for readmission in patients with index admissions of MABP.
Factors associated with readmission and cholecystectomy
We performed multivariate logistic-regression analysis to identify predictors of 30-day all-cause readmission and factors associated with cholecystectomy during the index admission for patients admitted with MABP (Table 3) :
• 
Discussion
Cholecystectomy is recommended following an MABP episode to prevent the development of biliary-related complications based on a PONCHO trial that was very well done [9] . The PONCHO trial was a multicenter study performed in 23 hospitals in the Netherlands that randomly assigned 266 inpatients to interval cholecystectomy or same-admission cholecystectomy. The primary endpoint of this study was recurrent gallstonerelated complications within 6 months. This study found that that interval group had 17% gallstone-related complications compared to 5% in the same-admission group. We also observed that those who underwent cholecystectomy during the index admission were less likely to be readmitted than patients who did not. This difference is a cause for concern from a health-care-use standpoint. Although our findings are original in terms of their pertaining to the US health-care system, analogous observations have been made in other countries [10] .
Our study used multivariate regression analyses to show that multiple factors affected the odds of cholecystectomy during the index admission. In terms of demographic factors, cholecystectomies were mainly undertaken in younger patients, especially those aged 18-44 years. This higher rate may be attributable to the younger group's perceived better medical fitness for surgery. Women were more likely to undergo cholecystectomy during the same admission for MABP and were subsequently less likely to be readmitted for any cause. The higher rate of surgery for women may be associated with surgeon preference, with previous research showing less complicated surgery in women [11] . In terms of hospitalization factors, weekend admissions were associated with higher rates of cholecystectomy and subsequently lower rates of readmission. Previous research has shown similar rates of surgical complications after weekend and weekday cholecystectomies [12] . Although there has been a slight decrease in the rate of cholecystectomy and ERCP over the course of this study, we did not see an increase in readmission for unclear reason.
Our study confirms that index cholecystectomy is the single most effective intervention for decreasing the odds of all-cause and MABP-specific readmissions. We have previously shown that, when patients are stratified by the cause of pancreatitis, only those with gallstone pancreatitis accrued a statistically significant decrease in readmission rates after the index admission [13] . We have also observed that undergoing ERCP with sphincterotomy is associated with a modest decrease in the readmission rate. These findings are congruent with previous research that showed a mitigating but not terminating effect of sphincterotomy on the recurrence of gallstone pancreatitis [14] .
The reasons for delayed cholecystectomy, even when it is clearly indicated, are multifaceted. First, there is a pervasive belief among physicians regarding the danger of the procedure shortly after recovery from an AP episode. This notion has been challenged by research reporting no difference in technical complexity between early and delayed cholecystectomy, even when cholecystitis is the indication for the operation, which theoretically has more surgical complications in the setting of an acutely inflamed gallbladder [15] . Second, economic restraints and a changing reimbursement landscape may prompt emphasis on shorter hospitalizations. Third, although guidelines and recommendations may appear ideal from a patient-outcome perspective, their implementation may not be practical or realistic in all settings such as safety-net hospitals or other facilities with limited resources [16] .
One potential solution is the implementation of a medical dischargeÀsurgical readmission pathway, which would plan for elective outpatient cholecystectomy within 2 weeks after discharge from an MABP admission. In this paradigm, medical and anesthesia pre-operative assessment, as well as informed consent for the surgery, are finalized before discharge [17] . Another option entails direct admission to a surgical service, which was previously reported to increase the rate of index cholecystectomy and decrease the risk of readmission [18] .
Although our study offers substantial strength from the large sample size and allows identification of robust associations, we nonetheless acknowledge numerous inherent and unavoidable limitations. First, we conducted a retrospective, uncontrolled study that did not allow inference of causality and at best was an exploratory examination of associations. Second, ICD-9 coding almost certainly includes inaccuracies, which are common with any administrative database. Third, the scope of our examination is limited by critical absences in clinical data, such as anthropomorphic characteristics (e.g. body mass index) and laboratory values (e.g. Creactive protein). Lastly, the limited period of data collection (before publication of the pivotal PONCHO study in 2015) may not portray changes in practice that hopefully are influenced by the dissemination of findings from that well-designed trial. Another limitation of our study is that some of the readmissions could have been related to bile-ductal leaks or pancreatic necrosis, which we are unable to tell with confidence because of the known difficulty in looking at large administrative databases retrospectively. Although the trends observed in our current analysis suggest considerable deviation from accepted guidelines, the practice may change according to that high-level evidence and the publication of new guidelines.
Conclusions
For patients with MABP, cholecystectomy during the index admission was the strongest predictive factor associated with a decreased risk of readmission. However, the proportion of patients undergoing these procedures steadily decreased from 2010 to 2014. This decrease could not be explained by increasing disease severity or comorbidity. Our research emphasizes the need for policies to encourage providers to perform cholecystectomy during the index admission, as highlighted by highquality evidence in the literature.
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